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BACKGROUND 

[0001] This invention relates to a sensor for a vehicle seat belt retractor. 
More specifically, the present invention relates to a sensor that reduces or eliminates 
nuisance locks of seat belt retractors. 

[0002] In order to provide enhanced comfort and convenience, seat belt 
retractors employ a mechanism to allow the belt webbing to be freely extended and 
retracted from the retractor as the vehicle occupant moves in the seat. Of course, in 
order to provide its occupant protection function, the retractor must lock to prevent 
webbing pullout as the occupant loads the belt in an impact condition. Most vehicles 
incorporating such so called emergency locking retractors employ a pendulum or roll 
ball type inertia sensor in the retractor. 

[0003] Sensor strategies employed in primary occupant restraint applications 
must be capable of sensing low "g" or vehicle tilt angles generated during sudden 
vehicle braking conditions or vehicle roll over events. Sensing these vehicle 
conditions reliably is paramount to properly restraining the occupant within the seat. 
[0004] Ideally, a common use retractor sensor design is the preferred choice 
when used in high volume automotive applications; however, vehicle types and road 
conditions generally cause the sensor to sacrifice comfort to the occupant in order to 
achieve FMVSS compliance. A common use design may not be suitable for all 
vehicles since some vehicles are stiffer or more dynamic than others depending on 
the road conditions. SUV's and both heavy and light trucks, for example, are more 
sensitive to conditions of the road, resulting in the vehicle becoming more dynamic 
in comparison to a small or luxury car (i.e., the vehicle experiences higher pitch, roll, 
and jounce accelerations in normal driving conditions). Moreover, the position in the 
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vehicle at which the retractor mounted may influence the performance of the sensor. 
For instance, a retractor mounted low in the vehicle is less sensitive to some of the 
aforementioned accelerations than a retractor mounted high in the vehicle. Thus, 
the dynamics of the vehicle, the mounting location of the retractor, and FMVSS 
performance requirements all directly influence the sensitivity and performance of a 
common use retractor inertia sensor. 

[0005] Generally, as the vehicle becomes more subject to road induced 

accelerations, so does the sensor, creating occupant restraint comfort issues. Such 
vehicles and common use sensors typically generate hypersensitive retractors, 
resulting in a repetitive locking and unlocking of the primary restraint, an event 
commonly referred to as a retractor nuisance lock. Nuisance locks often cause the 
primary restraint/belts to bite/cinch down on the occupant, restricting occupant 
movement and causing discomfort to the occupant. Locking of the retractor in 
response to non-impact or non-rollover events is undesirable as it is an annoyance 
to the occupants. 

[0006] Primary restraint sensors must be capable of sensing 
accelerations/forces in three-dimensional space, such as the space defined by the 
Cartesian axes X,Y,Z, in order to comply with FMVSS requirements. Such sensors 
have the ability to detect and communicate the presence of potential adverse frontal, 
rear, side, roll, braking or combinations of any of the aforementioned vehicle 
conditions. However, most nuisance locking conditions are generated by a sensor's 
inability to eliminate or reduce the influence of undesired sensitivity along the "Z" (or 
vertical) direction. For example, bumps in the road cause the sensor mass to 
bounce in the "Z" direction, potentially causing the retractor to lock/limit belt 
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displacement. Most often these potential locking conditions result in the retractor to 
lock, resulting in a nuisance lock and discomfort to the occupant being restrained. 
[0007] Many primary occupant restraint sensors employ a standing mass or 
ball excitation mass in combination with a housing and pivot arm to sense adverse 
vehicle conditions. These sensors often attempt to manage nuisance-locking 
conditions by changing the mass, the incline angle in which the mass rests, the 
distance between the inertia lever-arm and the locking mechanics of the retractor, or 
combinations of the aforementioned features. Unfortunately, when these critical 
characteristics are modified, the sensor is likely to become unique to a 
restraint/retractor, an application, an installation or a specific vehicle. The common 
use sensor, therefore, becomes less suited for diverse applications and is not well 
suited for the high volume, low cost demands of the automotive industry. Changes 
such as those mentioned also have the potential of making the sensor become less 
sensitive and even non-compliant with ECE or FMVSS regulatory performance 
requirements. 

BRIEF SUMMARY OF THE INVENTION 
[0008] The present invention provides a sensor used in primary restraint 

systems that reduces potential nuisance locks. The sensor includes a 

damper/restrictor that restricts a mass from bouncing away from a housing in which 

the mass rests when undisturbed. The damper allows the mass to move only in 

combined vertical and lateral directions, where, for example, gravitational 

acceleration occurs along the vertical direction, before activating the restraint locking 

mechanics. 
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[0009] Damping, de-sensitizing or restricting vertical movement of the mass 
does not interfere with FMVSS compliance regulations, rather, it more likely 
improves overall performance and comfort by reducing the number of false lock or 
nuisance lock conditions, thus promoting favorable FMVSS performance. Moreover, 
the sensor may be used in a variety of vehicles and applications; that is, the sensor 
may meet the objectives of a common use sensor. 

[0010] Other features and advantages will be apparent from the following 
detailed description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] Figure 1 depicts a conventional primary restraint sensor; 

[0012] Figures 2A and 2B depict the lateral and vertical range of movement 

allowed by the primary restraint sensor of Figure 1 ; 

[0013] Figure 3 depicts a primary restraint sensor with a vertical movement 
restrictor/damper in accordance with the invention; 

[0014] Figure 4 is a perspective view of the primary restraint sensor of Figure 
3; 

[0015] Figure 5 is a schematic of the operation of the primary restraint sensor 
of Figure 3; 

[0016] Figures 6A and 68 depict the lateral and vertical range of movement 
allowed by a primary restraint sensor of Figure 3; and 

[0017] Figure 7 is a side view of an another embodiment of a primary restraint 
sensor in accordance with the invention. 
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DETAILED DESCRIPTION 
[0018] Referring to Figure 1, there is shown a conventional primary restraint 

sensor 10 including a sensor housing 12, a mass 14, and a lever arm 16. The 

bottom portion of the housing 12 defines an indentation 18 with an inclined plane 20. 

When undisturbed, the mass 14, shaped as a sphere, rests at the bottom of the 

indentation 18, and the lever arm 16 attached to the upper portion of the housing 12 

at a pivot point 21 rests on top of the mass 14, unengaged with a ratchet 22. A 

Cartesian coordinate system XYZ is shown in Figure 1, as well as in the subsequent 

figures, for convenience, where the Z axis is typically aligned with gravitational 

forces. Vertical movement between the mass 14 and housing 12 is defined as 

movement along the Z direction and lateral movements are defined as movements 

in along the X and Y directions. 

[0019] As a vehicle in which the restraint sensor 10 is mounted maneuvers 
over a road, the mass 14 moves up the incline plane 20 as designated at 14a and/or 
bounces up and down as designated at 14b, causing the lever arm 16 to pivot 
upwards as designated at 16b. Over rough roads, a conventional restraint sensor, 
such as the restraint sensor 10, experiences increased nuisance locking. The 
restraint sensor 10 many also experience nuisance locking as the vehicle 
maneuvers over smooth roads when, for example, the vehicle has a stiff body and/or 
stiff suspension. This occurs because the lever arm 16 moves upward equally in 
cases of the mass 14 moving purely vertically along the Z axis, or laterally along the 
X and Y axes. 

[0020] Nuisance locks are the result of the sensor mass 14 bouncing up and 

down relative to the housing 12 causing the locking lever arm 16 to lock and unlock 
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the retractor 24. That is, a vertical bounce of the vehicle is likely to cause the inertia 
lever arm to undesirably rise and engage the retractor locking mechanics causing a 
retractor nuisance lock. 

[0021] Figures 2A and 2B further illustrate the operation of the restraint 
sensor 10. Specifically, when the sensor mass 14 is at rest with no forces present to 
lift the mass 14 out of the indentation 18 or to move the mass 14 up the inclined 
plane 20, the mass 14 occupies a no lock zone 24 and the inertia lever/locking arm 
16 is in the lowered position (FIG. 1), preventing the locking arm 16 from engaging 
the retractor ratchet wheel 22. In the event the sensor experiences lateral and/or 
vertical accelerations, the sensor mass 14 moves somewhere into the potential lock 
zone 26, For example, the mass may roll up the inclined plane 20 as indicated by 
the curved double arrow 28 because of lateral accelerations to the outer regions of 
the indentation 18 as designated at 14a. Moreover, since the vertical movement of 
the mass 14 is not constrained, any vertical accelerations in the Z direction may 
cause the mass 14 to bounce upward as designated at 14b. Note that distance 
between the top of the no lock zone 24 and that of the potential lock zone 26 defines 
a clearance (g). which corresponds to the clearance between the lever arm 16 and 
the retractor 22 when the mass 14 is in its rest position. Thus, for the lever arm 16 
to engage the ratchet 22, and thus lock the restrainer 10, the mass 14 must move 
sufficiently enough to close the gap (g), at which moment the raised inertia 
lever/locking arm engages the retractor ratchet wheel, causing the primary restraint 
to lock. 

[0022] The absence of lateral and/or vertical accelerations causes the sensor 
mass 14 to move back into its resting position in the no lock zone 24, resulting in the 
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lowering of the inertia lever/locking arm 16 and disengagement of the retractor 
ratchet wheel 22, unlocking the retractor. 

[0023] Referring now to Figure 3, a primary restraint sensor embodying the 
principles of the present invention is illustrated therein and designated at 100. The 
restraint sensor 100 is provided with damping features that minimize the effect 
bounce has on the sensor mass thus minimizing the pre-mature locking of the 
retractor and resulting in the subsequent reduction of potential nuisance locks. The 
restraint sensor 100 becomes less sensitive to purely vertical motion of the 
excitation mass. 

[0024] As its primary components, the sensor 100 includes a housing 102, a 

mass 104, a lever arm 106 attached to the housing 102 at a pivot point 108, and a 
damper 110. 

[0025] The Z-axis damper or restrictor 110 is placed over the sensor mass 
104 to prevent unwanted Z-axis or vertical movements. As such, the sensor mass 
104 is able to move freely in the combined XYZ space, but not solely in the Z 
direction, resulting in the reduction of unwanted Z only movement influenced 
nuisance locks. 

[0026] The bottom portion of the housing 102 defines an indentation 114 with 
an inclined plane 116. When undisturbed, the mass 104, shaped, for example, as a 
sphere, rests at the bottom of the indentation 114, and the lever arm 106 rests on 
top of the mass 104, unengaged with a ratchet 118 (FIG. 4). 

[0027] The restrictor 110 extends over the sensor mass 104 and downward 
onto or in close proximity to the top of the sensor mass 104. The damper 110 
provides adequate clearance around the sensor mass, allowing it to move freely in 
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the for/aft and lateral directions yet restrict vertical movement. The inertia lever arm 
106 incorporates a clearance hole 117 through which the restrictor or damper 
extends. This clearance hole 117 allows the inertia lever arm 106 to rise and fall 
relative to the controlled movement of the excitation mass 104. One end of the 
inertia lever arm pivots from the sensor housing and the other end free floats on top 
of the excitation mass. As the mass moves along the incline plane of the sensor 
housing, it causes the inertia lever to rise. 

[0028] Referring to FIGs. 5 and 6A and 6B. the restrictor 110 allows the mass 

104 to move only up the inclined plane 116. That is, the mass 104 is only allowed to 
roll up the inclined plane 116 as indicated by the double arrow 120 as is not allowed 
to bounce away from the housing in the Z direction. As the mass 104 moves 
slightly, as designated at 104a, as a result of lateral forces or combined lateral and 
vertical forces, the mass 104 remains in a no lock zone 122. Greater amount of 
forces causes the mass 104 to move to the outer regions of the indentation 114, as 
designated at 104b, occupying a potential lock zone 124. The distance between the 
top of the no lock zone 122 and that of the potential lock zone 124 defines a gap 
(gi), which corresponds to the distance the lever arm 106 must travel from its 
lowered position to engage the ratchet 118. 

[0029] The inertia sensor arm dampers can be used in alternative types of 
sensors, such as the standing mass sensor designated at 200 in FIG. 7. The sensor 
200 includes a housing 202, a mass 204, a lever arm 206 connected to the housing 
202 at a pivot joint 208, and a damper 210 which extends from an upper portion 212 
of the housing 202. The mass 204 rests in an indentation 214 and rocks about a 
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pivot point 216 as a result of forces imparted on the mass 204. The side to side 
movements of the mass 204 are designated at 204a. 

[0030] The restrictor 210 extends over the sensor mass 204 and downward 
onto or in close proximity to the top of the sensor mass 204. The damper 210 
provides adequate clearance around the sensor mass, allowing it to move freely in 
the for/aft and lateral directions yet restrict vertical movement. The inertia lever arm 
206 incorporates a clearance hole 217 through which the restrictor or damper 
extends. This clearance hole 217 allows the inertia lever arm 206 to raise and lower 
relative to the controlled movement of the excitation mass 204. One end of the 
inertia lever arm pivots from the sensor housing and the other end free floats on top 
of the excitation mass. As the mass 204 rocks about the pivot point 216, it causes 
the inertia lever to rise as designated at 206a. 

[0031] In any of the sensors described above, additional dampers may be 
placed in the sensor to prevent cases of extreme bounce. For example, in the 
implementation shown in FIG. 7, dampers 220, 220 can be made up of opposing 
magnetic fields such as: south-to-south or north-to-north polarities. Alternatively, 
additional dampers can be implemented as low-compression/tension springs 
positioned between the upper portion 212 and the lever arm 206. 
[0032] In addition to the implementations described above, other 

implementations of the invention are within the scope of the following claims. 
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